INTRODUCTION
Trace elements (TE) are inorganic elements that are required in small quantities for normal metabolic functions. Chromium (Cr) is a well-known TE, that displays a major role in carbohydrates, lipids and proteins, and its deficiency seems to be associated with Type 2 Diabetes Mellitus (1, 3, 26) . Cr acts by reducing insulin resistance, being part of a Glucose Tolerance Factor (GTF) that also includes nicotinic acid, glycine, cysteine and glutamic acid (1, 4, 5, 11, 14, 18, 19, 22) . Also, Cr may participate in lipid metabolism and may have some effect on body composition.
Dietary Cr is found in food as a stable trivalent form (Cr 3+ ) that is poorly absorbed in the gut. In fact, absorption seems to have an inverse relationship with the amount ingested, preventing dietary toxicity (23) the classic case reports of patients under long term parenteral nutrition without adequate Cr supply (7) . Clinical settings where oral intake is not sufficient or safe are the usual indications for tube feeding. For long term tube feeding, longer than 3 weeks, Percutaneous Endoscopic Gastrostomy (PEG) is the gold standard (10) . In recent years, more and more patients, mostly with neurological or mechanical dysphagia, are fed through a gastrostomy for months or years. Some of these patients are fed using enteral feeding formulae during hospital stay, that include all the daily needs of TE, including Cr. Many PEG patients are fed with homemade meals, especially outpatients, since the commercial formulas are expensive and not reimbursed in Portugal, making their continued use impractical for low-income families. In these homemade meals, the content of Cr is uncertain. Although the number of PEG fed patients is growing, and previous studies reported TE deficiencies in patients under parenteral feeding, Cr status in long term enteral nutrition was never studied as far as this study is concerned. The aim of the present study was to evaluate serum Cr in PEG feeding patients fed with homemade meals, assessing serum Cr when PEG is performed and in the follow-up period after 4 and 12 weeks. Other parameters evaluated were serum Cr variations with BMI, serum proteins (albumin and transferrin), presence of type 2 diabetes and underlying disease, determining which of these parameters are associated with survival time.
METHODS
A prospective observational study was performed to evaluate serum Cr concentration in consecutive adult patients that were referred to and underwent endoscopic gastrostomy, to have nutritional support for long-term dysphagia (more than 3-4 weeks). All patients were fed enteral homemade meals. All adult PEG-patients were invited to participate. The subjects and/or their legal caregivers were informed of the study aim and procedures and gave their informed consent. This study was approved by the Hospital Ethics Committee. Patients were included in one of two groups according to the dysphagia-inducing disease: (1) head and neck cancer (HNC) including oral cavity, pharyngeal, laryngeal and oesophageal proximal cancer; (2) neurological dysphagia (ND) including acute and chronic disorders.
The inclusion criteria included: All these patients were evaluated by the dietitian, the gastroenterologist and the nurse of the "Artificial Feeding Team", using the same protocol, at the time of the PEG procedure, and after 4 weeks and 12 weeks.
Nutritional assessment of protein-energy intake was performed by the dietitian of the Artificial Feeding Team. A retrospective 24h dietary recall was performed before the gastrostomy, to the patient or their caregiver, to evaluate the previous protein-energy intake. For calculating the protein-energy consumption, the software SANUT ® was used. After gastrostomy, patients lived at their own homes or in nursing homes. Each patient and/or a family member or caregiver was trained in home tube feeding, which included meal preparation, diet administration, and complications monitoring. 
Nutritional Risk Identification
For nutritional screening the tool recommended by E.S.P.E.N. was used, the Nutritional Risk Screening -NRS 2002 (9) .
Global Nutritional Assessment
Most patients showed speech impairments as well as dysphagia caused by the same underlying disorders. For these patients, global nutritional assessment relied mostly in objective data, anthropometry and serum data, including albumin and transferrin. Body Mass Index (BMI) was obtained in most patients and expressed as the ratio of body weight/height squared (kg/m 2 ). If patients were bedridden and could not stand up for weight and height evaluation, BMI was estimated using the Mid Upper Arm Circumference and regression equations described by Powell-Tuck/Hennessy, previously been used by the team (12, 13, 25) . Malnutrition was defined as a BMI <18.5 kg/m 2 for adult patients younger than 65 years and <22 kg/m 2 for patients with 65 years or older (24) . Although serum proteins may be influenced by a wide range of non-nutritional factors, albumin <3.5 g/dL and transferrin <200 mg/dL were considered to be representative of malnutrition. A dietary recall from the previous weeks was obtained from patients, family or caregivers.
Blood samples assays
Blood samples were obtained following at least 12 hours of fasting, between 8:00 and 10:00 AM. From each patient, a blood sample was obtained minutes before the gastrostomy procedure and 4 and 12 weeks after the gastrostomy, at the Artificial Feeding outpatient's consultation. Part of the blood sample of each patient was used for the standard PEG-patient evaluation, including serum proteins. Other part was split into specifically designed metal-free tubes for Cr assessment. After centrifugation serum samples were kept frozen (-80ºC) until the analysis. Serum concentration of Cr was analyzed and reported from the laboratory REQUIMTE (Rede de Química e Tecnologia Departamento de Química/Faculdade de Ciências e Tecnologia da Universidade Nova de Lisboa). Serum Cr samples were assayed using GFAAS (Graphite Furnace Atomic Absorption Spectroscopy). The reference values considered for Cr were between 50-200 μg/dL (20) .
Statistical analysis
The Statistical Package for Social Sciences (IBM SPSS Statistics), version 22.0, was used in the study. The results are considered significant at a 5% significance level. The Shapiro-Wilk test was used to assess the normality of the data. Descriptive statistics were used to evaluate Cr levels in dysphagic patients. Independent Samples t-test was used (since the assumption of normality was verified) to compare Cr levels and proteins (albumin and transferrin) between the two groups (HNC and ND). To study the relationship between Cr levels, albumin and transferrin, Pearson correlation was used. To compare Cr levels between BMI categories, the Kruskal-Wallis test was used, since the assumption of normality of data in BMI categories was not verified. To compare protein concentration between BMI categories, ANOVA was used, since the assumption of normality of data in BMI categories was verified. Cox regression was used for the determination of association with etiology, Cr, BMI, Albumin and transferrin with survival time.
RESULTS
Characteristics of the study population (Table 1) A hundred and twenty-nine patients (80 males), 26-95 years old (68.4±14.2) were studied. Eighty (62%) men and forty-nine (38%) women. Eighty-one (62.8%) were 65 years old or older.
Seventy-seven with Neurologic Dysphagia (ND), the most common diagnostic. Twenty-four comprises strokes, eighteen with dementias, twenty-one from neurosurgical setting, five with amyotrophic lateral sclerosis and nine from other neurological diseases. Fifty-two from Head and Neck Cancer (HNC). This group comprises cancers located in the oral cavity (n=8), larynges (n=14), pharynges (n=20), and proximal oesophagus (n=10). No patients presented with Diabetes or increased fasting blood glucose.
Before the PEG procedure, all patients had dysphagia for at least one month. All of them had a prior intake below 50% of daily caloric needs. All patients were clinically stable at the moment of the gastrostomy procedure and sample collection (unstable patients were postponed).
Body Mass Index
Most of the patients had the BMI calculated from Quetelet's equation kg/m 2 . Only in 55 (42.5%) of the cases (48 ND, 7 HNC) was BMI estimated using the Mid Upper Arm Circumference and regression equations described by Powell-Tuck/Hennessy. From 129 patients, 71 (55%) showed low BMI (<18.5 kg/m 2 for patients younger than 65 years old and <22 kg/m 2 for patients with 65 years old or older). When dividing the study population by the cause of dysphagia, 42 patients from the ND group presented a low BMI (52%), while in HNC group 29 patients also presented a low BMI (55%). In the group of older patients, 49 (64%) presented low BMI, while in the younger group only 12 (36%) presented low BMI.
Cr and serum proteins concentrations
• Cr concentration One hundred twenty-nine patients were evaluated regarding Cr in the range 0.01-7.5 µg/dL (normal range: 0.05-0.2 µg/dL), with a mean of 0.907 µg/dL ±1.37 µg/dL. Only eight (6%) patients had low values, four from HNC group and four from ND group. No statistically significant differences were detected between the two groups (t 125 =0.235, P=0.814). Six patients with low values were from the elderly group, two from the younger patients group. No patients from the low Cr group presented Diabetes or glucose intolerance.
• Albumin and transferrin serum concentrations One hundred twenty-nine patients were evaluated. Albumin, presented a mean of 3.4g/dL ±0.35 ranging from 1.4 to 5.2 g/ dL (normal range 3.5-5 g/dL). Half of the patients 54% (n=70) presented low albumin. Transferrin obtained a mean of 183.0 mg/ dL ranging from 74 to 331 mg/dL (normal range 200-300 mg/dL). More than half, 85 (66%) patients, presented low levels of transferrin. Almost half of the, 57 patients (n=57; 44%), presented low levels of both proteins.
• Albumin, transferrin and serum Cr concentrations A significant positive correlation was found between albumin and Cr (r=0.217, P=0.012).
• BMI and serum proteins concentrations No statistically significant differences in proteins were found between underweighted (mean=6.419 g/dL) and normal BMI patients (mean=6.367 g/dL) (t 126 =0.375, P=0.708). Only 35 patients (24.3%) showed simultaneously low BMI, albumin and transferrin.
• BMI and serum Cr concentrations
No statistically significant differences were found between BMI and Cr.
Follow-up
After 4 weeks of PEG procedure, 75 patients were followed up (49 men, 26 women).
• Cr: From the initial eight patients with low Cr, three patients maintained their low values, one improved their values, two were lost to follow-up, and 2 died. From the initial 121 patients with normal Cr, 71 maintained their values, 21 were lost to follow-up, 27 died, and two were not compliant with PEG feeding and his tube was removed. After 12 weeks of PEG procedure, follow-up on 32 patients was performed. Four patients died between the 4th and the 12th week after gastrostomy. Thirty-seven were lost to follow-up and PEG was removed in two of them.
• Evolution of Cr concentration after 4 weeks and 12 weeks, and its relationship with proteins and underlying diseases (Table 2) Regarding the Cr in patients with ND, positive correlations with Cr were detected after four and twelve weeks (r=0.566). At the first assessment, positive correlations of moderate intensity were detected with Albumin (r=0.375, P=0.005), both from the first moment of assessment, and negative correlations of moderate intensity with BMI and Albumin, all at the third stage of evaluation (r=-0.428, P=0.047) and (r=-0.368, P=0.045) respectively. In the second evaluation moment, negative correlations were also detected with Albumin, both at the third evaluation moment. In patients with HNC, in addition to positive correlations with Cr at other evaluation moments, strong positive correlations were also detected with Transferrin (r=0.769, P=0.015).
Determinations of the association with etiology, Cr, BMI, Albumin, and Transferrin with survival time (Table 3) No statistically significant differences in survival time were found between types of aetiology (χ To determine which attributes are associated with survival time, independent variables included aetiology, Cr, BMI, Albumin, and Transferrin, all at first assessment and applied in the Cox regression. Regressors were found, as albumin at the first assessment was associated with survival time (P=0.024) and there was an increase in survival of about 59% per additional unit of Albumin.
DISCUSSION
Patients suffered from long standing dysphagia, for more than 1 month, with daily oral intake below 50% of nutritional needs, thus having indication for immediately nutritional support by enteral feeding for long time. Guidelines recommended the use of PEG (10) . Home enteral feeding is a good choice for enteral feeding, because when compared to hospital stay it presents a lower cost, lower rate of infections and allows the patients stay at home in a comfortable environment. Most of the patients went home after the PEG procedure. All of them were fed with enteral homemade meals, since the commercial formulas are expensive and they are not reimbursed by the NHS, making their continued use impractical for low-income families (8) . Meals use mostly blended nutrients, although it is sometimes difficult to reach the desired caloric density because manipulated foods are diluted due to the tube gauge, and the capacity to tolerate bolus is sometimes diminished (21) . The long-standing dysphagia had a direct impact in weight and in albumin and transferrin levels, but the behaviour of TE is unknown. Most of the patients displayed low serum proteins at the time of PEG procedure, reflecting the reduced dietary intake and the activity of the underlying diseases. More than half (54%) of the patients presented low albumin and nearly two-thirds (66%) presented low transferrin. Almost half of the patients (46%) presented low serum levels of both proteins. Looking at T1 and T3 (4 weeks and 12 weeks after PEG procedure, respectively), an increase in the proteins levels was found. The content of homemade meals with adjusted protein-energy intake seemed to be sufficient to increase serum proteins.
For the implication in the metabolic pathways the identification of important TE deficiency is mandatory. In previous studies, the Artificial Nutrition Team identified selenium deficiency in dysphagic patients who underwent enteral feeding, but also a major deficiency in zinc with potential compromise of the metabolic and biochemical pathways (15) (16) (17) (18) . As far as the study is concerned no studies were found with low serum Cr levels in enteral nutrition. The results were similar, low Cr was identified only in few patients, 6% (eight patients) before PEG, 4% (three patients) after 4 weeks PEG feeding and 0% after 12 weeks. Long term dysphagia seems to induce low Cr only in a very small fraction of PEG patients and homemade PEG meals seem to be effective for normalizing serum Cr. This could be partially attributed to the fact that Cr is widely distributed in food, like seafood, butter and oil.
Limitations of the study
The main limitation this study was the difficulty on controlling which ingredients the patients were using at home to prepare their meals. Despite the efforts to clearly register the right quantities and ingredients the patients should use at home, it is uncertain if they behave according to the recommendations.
The follow-up of these PEG patients is very difficult, creating a limitation to the study. There was a big percentage of dropouts together with a share of PEG feeding incompliance and tube removal. The team uses routinely the predictive model that foretells high mortality risk in PEG patients during the first 3 weeks after the procedure, as previously described and high risk patients are selected for nasogastric tube feeding (6) . Nevertheless, some patients may die in the first few weeks. Also, some patients were either sent away to distant institutions, or lack sufficient social support. These limitations may explain the small number of published studies focusing long term follow-up of PEG patients.
CONCLUSION
Most dysphagic PEG patients that underwent endoscopic gastrostomy present normal serum Cr when gastrostomy is performed. Low serum Cr seems to be unrelated with glycaemia, gender, nature of the underlying disorders, normal or low BMI, serum albumin or transferrin. The results also suggest that, for the minority of patients displaying low serum Cr before gastrostomy, homemade PEG meals seem to be effective for normalizing serum values and teams taking care of PEG patients need not to be concerned about Cr. 
